Introduction
Antimicrobial-related toxicity is an important issue in clinical practice, especially in cases involving multidrug-resistant bacteria or difficult-to-treat microorganisms, including fungi. Despite the broad evidence of azole-related hepatotoxicity, 1 there is limited information on the potential cross-reactivity between these agents, creating uncertainty when establishing a therapeutic approach. Current guidelines recommend the use of triazoles for a minimum of 6-12 weeks for the treatment of invasive aspergillosis (IA). Among triazoles, voriconazole is the recommended primary treatment. If there is refractory or progressive aspergillosis, posaconazole is recommended as salvage therapy, with a switch to an alternative class of antifungal being advised if the patient exhibits an adverse event attributable to the previous agent. 2 The latter point is controversial, since a recent review of antifungal toxicity suggested that there was growing evidence for the possibility of replacing voriconazole with posaconazole in cases of hepatic toxicity. 3 However, as shown in the following, the information is scarce and shows substantial limitations. In this scenario, we described the case of a patient who received posaconazole as rescue therapy after voriconazole-induced hepatotoxicity. We also reviewed the existing literature on this topic to emphasize new aspects regarding liver toxicity and the safety of switching these antifungals.
Case report
A 64-year-old man with persistent low back pain associated with disabling muscular weakness was attended in the emergency department. Magnetic resonance imaging of 
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Martínez-Casanova et al his back and head revealed spinal and intracerebral damage, initially suggesting infectious spondylodiscitis or a neoplastic process. Since the patient was immunocompetent and microbiological cultures from several fine-needle aspiration biopsies were repeatedly negative, an infectious etiology was initially excluded. The low incidence of IA in this population group was an additional challenge in terms of diagnosis and decision making on treatment. However, histopathological samples did not show tumor cells, and positron-emission tomography suggested an infectious origin of the lesions.
Six weeks after admission, the patient's clinical status worsened with the onset of neurological symptoms. An open vertebral biopsy revealed isolation of Aspergillus terreus, and the same etiology was assumed for the brain lesions. Antifungal treatment was started with intravenous (iv) voriconazole (6 mg/kg twice daily as a loading dose followed by 4 mg/kg twice daily as a maintenance dose). At that time, liver function tests were as follows: gamma-glutamyl transpeptidase (GGT) 72 UI/L, alkaline phosphatase (ALP) 122 UI/L, alanine transaminase (ALT) 26 UI/L, aspartate transaminase (AST) 18 UI/L and total bilirubin 0.2 mg/dL (Figure 1 ).
After 7 days of treatment with voriconazole, the ALP and GGT values increased to 307 UI/L and 631 UI/L, respectively, while ALT and AST levels were only mildly elevated (65 UI/L and 63 UI/L, respectively). The patient's bilirubin level remained within the normal range throughout the treatment (0.3 mg/dL). Concomitant medication was reviewed, and none of the administered drugs, except voriconazole, appeared to be potentially hepatotoxic. In addition, the Naranjo algorithm 4 was applied to better confirm the potential causal relationship between voriconazole and this pattern of dissociated cholestasis and hypertransaminasemia. This is a validated algorithm used to perform a causation analysis between administration of a drug and the occurrence of an adverse effect. Its result (seven out of 13) revealed a probable imputability and allowed the exclusion of the concomitant medication. Additionally, drug-drug interactions were also checked; there were no concurrent medications that could affect hepatic metabolism of voriconazole via the cytochrome P450 enzymatic complex and lead to serum-level elevation. 5 Therapeutic drug monitoring (TDM) of the trough concentration was performed under steady-state conditions using a validated high-performance liquid chromatography (HPLC) method. The plasma concentration was 4.12 mg/L, a value within the reported therapeutic range (1-5.5 mg/L), 6 excluding the possibility of a concentration-toxicity relationship and mandating immediate drug discontinuation with no possibility of readministration. As recommended for difficult-to-treat infections, 7 voriconazole was replaced by combination antifungal therapy, consisting of oral posaconazole suspension 
319
Posaconazole recovers voriconazole-induced liver injury
(200 mg/6 h) plus iv caspofungin (50 mg/24 h after a loading dose of 70 mg). Despite demonstration of the better bioavailability of delayed-release posaconazole tablets, posaconazole suspension was prescribed because the posaconazole tablet formulation was not included in our hospital formulary. After 6 days of treatment of combined antifungal therapy, ALP and GGT levels decreased to 196 UI/L and 342 UI/L, respectively, and a similar trend was observed for ALT and AST values, which decreased to 33 UI/L and 17 UI/L, respectively. At that moment, TDM of both antifungals was performed and posaconazole and caspofungin plasma levels were 1.12 mg/L and 9.7 mg/L, respectively, which were both within the therapeutic range for the treatment of invasive fungal infections (1-3.75 mg/L 6,8 and 1.4-12.1 mg/L, 9 respectively). Given that the suspension formulation of posaconazole has variable bioavailability and that steady-state levels may not be reached until 7-10 days of treatment, 10 a second plasma sample was obtained after 15 days of treatment initiation and the concentration was 1.34 mg/L, which confirmed the previous result.
During treatment with posaconazole plus caspofungin, a steady improvement was observed in the patient's liver function parameters and acute-phase reactants. After 17 days of voriconazole discontinuation, the hepatotoxicity was resolved (ALP, GGT, ALT and AST levels fell to 119 UI/L, 108 UI/L, 25 UI/L and 15 UI/L, respectively). After 1 month of treatment with this combination, the patient's clinical status improved and caspofungin was stopped. The patient was finally discharged with oral posaconazole 200 mg/6 h monotherapy, which was completed on an outpatient basis for 2 more weeks until completion of 12 weeks of antifungal treatment. At the next medical visit, liver enzymes continued to be within normal values, a magnetic resonance scan showed clear improvement in the brain abscess and the patient was in good health, able to stand up and walk.
Written informed consent was obtained from the patient to have the case details published.
Discussion
Here, we describe the case of a patient with IA initially treated with voriconazole, who, after the onset of hepatotoxicity, was treated with posaconazole as rescue treatment and showed good outcome and reversal of liver damage.
Invasive fungal infections are associated with high morbidity and mortality. Therefore, early and adequate concentration exposure to the appropriate antifungal agent is crucial to achieve a clinical cure and eradicate the pathogen. Voriconazole and posaconazole are triazoles with broad spectrum antifungal activity and are recommended as first-line and salvage therapy for IA. Both are metabolized in the liver, but voriconazole involves the CYP complex and posaconazole is metabolized by glucuronidation. Both antifungals are potent inhibitors of CYP3A4 (and voriconazole also inhibits CYP2C19), which may result in many potential drug-drug interactions. 2 Owing to its highly variable pharmacokinetics, TDM for both antifungals is widely recommended to enhance therapeutic efficacy and to avoid potential associated toxicity.
2 Moreover, posaconazole suspension shows saturable absorption with reported subtherapeutic levels, which strengthens the recommendation for TDM.
11
A cholestatic pattern of liver toxicity, defined as a rise of ALP more than twice the upper limit of normal, was observed in our patient. 1 The reported frequency of liver toxicity induced by antifungal therapy varies widely and is highest with azole antifungals. For these drugs, the severity of liver toxicity ranges from mild abnormalities in liver function tests with no clinical implications to severe liver injury including fulminant hepatic failure. 3 The pattern is usually hepatocellular, which is not in our case, but can also be cholestatic, or both.
3 A meta-analysis evaluating the hepatotoxicity of antifungals concluded that elevation of serum liver tests was more frequent for voriconazole than for any other azole and occurred in 19.7% of patients, although it did not always lead to treatment withdrawal. 12 Another study reported that 6.3% of patients treated with voriconazole had to interrupt treatment due to hepatotoxicity. 13 In addition, this adverse effect does not follow a specific pattern and usually appears during the first month of treatment.
14 Data from clinical trials indicate that posaconazole is well tolerated, with the most common adverse effects being headache, dry mouth and dizziness. 15 Nevertheless, liver alterations, including severe cholestasis and liver failure, have been described. 8 Recently, a review of hepatotoxicity induced by antifungal agents attributed an incidence rate of 12.7% of increased transaminases to posaconazole. 1 There are no specific recommendations on the approach to be adopted regarding the possibility of substituting one azole for another when liver toxicity occurs.
To date, the largest series on the use of posaconazole as rescue therapy after previous azole therapy is a retrospective study published by Heinz et al, 16 which included 40 patients treated with posaconazole after a previous antifungal therapy with voriconazole. The main cause of treatment discontinuation in 23 (57.5%) patients was the lack of response to voriconazole, while an increase in transaminases was the cause of treatment discontinuation in only four (10.0%) patients. A limitation of that study was that the authors may have erroneously attributed the hepatotoxicity to voriconazole, while it could have been caused by other concomitant drugs. 17 also recently published the case of a patient with IA caused by A. terreus successfully treated with posaconazole after treatment failure with voriconazole. Unlike our patient, this patient showed alterations in liver function parameters prior to the initiation of voriconazole treatment. Furthermore, the voriconazole treatment was discontinued due to the risk of hepatotoxicity related to the vehicle containing the iv formulation, sulfobutyletherb-cyclodextrin, and not to the voriconazole itself.
Foo and Gottlieb 18 also previously reported a case of lack of cross-hepatotoxicity between voriconazole and posaconazole in the treatment of a patient with intracerebral aspergillosis. Similar to our case, liver function tests were reported with accuracy, showing a clear resolution and recovery, and a possible correlation between voriconazole blood levels (0.6 mg/L) and hepatotoxicity was ruled out. Unlike our case, both the onset and normalization of liver function tests after voriconazole initiation and discontinuation were slow (43 days and 4 weeks, respectively) compared with the presentation and resolution of this adverse effect in our patient (7 days and 17 days, respectively). In terms of clinical efficacy, both cases support the use of posaconazole in central nervous system infections.
No clear explanation has yet been reported on the mechanism of toxicity of azolic agents. Nevertheless, a recent in vitro study proposed that voriconazole and posaconazole have different mechanisms of toxicity, 19 which would support the observed lack of cross-toxicity and the use of one or the other drug in cases of previous treatment failure.
Conclusion
The available literature on cross-toxicity between voriconazole and posaconazole is scarce. Most of the information on this topic seems questionable and shows substantial limitations. Through the implementation of the Naranjo algorithm 4 and the availability of plasma concentrations of the three antifungal agents used, this case report overcomes these limitations and strengthens the results. Thus, we stress the safety and effectiveness of posaconazole in patients with difficult-to-treat infections and voriconazole-induced hepatotoxicity. Future studies should aim to identify the risk factors influencing the occurrence of early versus delayed liver toxicity and recovery.
